Aims: Development of a simple and accurate spectrophotometric method for the determination of Cu, Zn and Pb in adult Egyptians' blood, plasma and serum using dithizone. Place of Study: Hematology Laboratory, Armed Forces Laboratories for Medical Research and Blood Bank, Kobry El-Kobba, Cairo, Egypt. Methodology: 100 blood samples from adults frequenting the Hematology Lab services were El-Dars et al.; AJACR, 1(3): 1-10, 2018; Article no.AJACR.43529 2 randomly obtained. The tested group comprised 57 males aging from 22 to 55 years and 43 females aging from 27 to 57 years. Three methods: Ready-to-use Kit (Reference method), ICP-MS (validation method) and Dithizone spectrophotometric method were used to determine Cu, Zn and Pb levels in these samples.
INTRODUCTION
Trace elements such as copper (Cu), zinc (Zn), silicon (Si), iodine (I), and fluorine (F) are considered essential to humans only in low quantities [1] .
Nonetheless, if they are introduced in larger quantities in some organisms, they may become toxic. Within this group of trace elements, there is a subgroup called ultra-trace elements (parts per billion; ppb) that require a daily requirement ˂ 0.01 mg/g. These elements include aluminum (Al), selenium (Se), chromium (Cr), manganese (Mn), lithium (Li), nickel (Ni), molybdenum (Mo), cadmium (Cd), silicon (Si), and vanadium (V) [1] . Overall, maintaining organisms in a healthy state requires not only an adequate intake of protein, vitamins and energy substrates but also certain minerals and some micronutrients in the form of trace elements [1] .
In recent years, there has been an increased awareness concerning the role of trace elements on human health as some may have a tendency to accumulate in the body causing chronic damage. These metals, if present in the blood, may form complexes with amino acids, other organic compounds and biomolecules that are the main constituents of blood plasma [1] . Thus, several studies have been undertaken to elucidate the physiological importance of these micro and macro-elements for human organisms, especially in blood cells, plasma or serum, liver and other parts of the body.
Among these trace elements that were extensively investigated have been copper, zinc and lead. Copper is an essential cationic trace element that plays a vital role in many biochemical reactions in the body [1, 2] . As well, Sloan and Feyssa [3] indicated that Cu levels in humans may be used as an indicator for the evaluation and diagnosis of certain diseases. However, they all agree that while Cu is important for humans, high levels of Cu may cause Wilson disease and low levels materializes as Menkes Disease.
Zinc is another essential cationic element required for the immune system, growth and development, normal fetal development as well as in healing wounds [1] . However, the level of this element has been linked with psychological dimensions (cognitive functions, mood and perceived stress) as well as nutritional aspects [1, 4] .
Lead (Pb), on the other hand, has no known biological function and is considered as a severe environmental pollutant with hazardous impacts on the human health [5, 6] . Lead ingestion may damage the cardiovascular systems and induce undesirable and potentially fatal changes in the body. Exposure to lead was also indicated to interfere with the bio-disposition of calcium in bones [6] . However, while lead is considered toxic, the World Health Organization (WHO) has set an acceptable daily mean exposure limit of 0.74 µg/kg body weight/day for adults in Egypt [7] .
Nonetheless, there is a need for trace-element supplementation for both patients as well as for healthy individuals to maintain a healthy body [1] . However, the levels of such trace elements must be constantly monitored and kept under control. This may be achieved by measuring their levels in the body at the cellular level using various analytical techniques [1] .
However, low concentrations of these trace elements require the selection of an appropriate analytical technique. Some of the techniques applied for trace element detection include atomic absorption spectroscopy (AAS), ICP-OES and ICP/MS, and ion chromatography [6] .
In addition, several spectrophotometric reagents were used for the colorimetric determination of some trace elements in human blood giving results comparable to those obtained using more sophisticated techniques such as Atomic Absorption Spectroscopy (AAS). However, these analytical techniques differ in terms of sensitivity, sample preparation requirements, sample throughput and costs of analyses. Thus, it's essential to avail simple, accurate, selective and reliable alternative analytical methods that conveniently and promptly assess these levels [6] .
Dithizone (1,5-Diphenylthiocarbazone) (Dz) is a spectrophotometric reagent that has been long used for the separation and the determination of metals in trace amounts [6, 8] . This sulfurcontaining compound can form stable complexes with many heavy metals due to the presence of NH 2 and SH groups. As well, it has been used for the spectrophotometric determination of Cu, Zn, and Pb in biological samples [6] [7] [8] [9] .
The aim of this study is to develop a simple and accurate spectrophotometric method for the determination of Cu, Zn and Pb levels in the blood, plasma and serum of Egyptian adults using dithizone. The method will be validated against other available instrumental techniques to elucidate a reference range for the monitored elements within the general Egyptian adult population. 
MATERIALS AND METHODS

Materials
Sample preparation
Initially, blood samples were received in vacutainer tubes and were left to clot. The samples were centrifuged then at 3000 rpm for 5 minutes and stored at -15°C in a 1.5 mL plastic Eppendorf tube prior to analysis. For the spectrophotometric and colorimetric determinations of Cu, Zn and Pb, only blood serum was used. However, for Pb determination using ICP-MS method, the whole blood was required.
Chemicals and reagents and instruments
 Dithizone (99%) was purchased from Sigma Aldrich (Germany).  Purified deionized water was purchased from SIEMENS (Germany).  Carbon tetrachloride (CCl 4 , 99%) was purchased from CHEM Lab (India).  Other chemicals used for analytical determinations were pro-analytical grade and were purchased from El-Nasr Company for Intermediate Chemicals (Egypt).
Instruments and apparatus
 Microlab 300 series UV-VIS spectrophotometer is a semi-automated clinical chemistry analyzer from ELITech Clinical Systems (France). The instrument is equipped with a quartz-halogen lamp light source and photodiode detector. It also has a preset 12 wavelength positions with the aid of filter wheel as well as 6 positions for optional filters and 6 standard interference filters at 340, 405, 505, 546, 578 and 620 nm [10] . All measurements carried out were temperature controlled at 37°C by the means of Peltier elements.  Inductively Coupled PlasmaMass Spectrometer (ICP-MS) (Agilent 7500 Series) equipped with efficient low-flow nebulizers and Peltier-cooled Scott spray chambers.  All pH measurements were conducted using Starter-2C pH meter (25 ± 0.1ºC).
Methods
The colorimetric method with Ready-touse Kit (Reference method)
Ready-to-use Kits were used only for the determination of Cu and Zn concentrations using Microlab UV-VIS spectrometer (reference method) as the instrument was not provided with standards for Pb analysis. Cu standard (100 µg/dL) was provided by the Egyptian Company for Biotechnology (Egypt) and Zn standard (200 µg/dL) was obtained from Química Clínica Aplicada S.A (Spain). Appropriate dilutions of Cu and Zn standards were made to construct the respective calibration curves. For the determination of Cu and Zn levels in blood samples, 1 mL of standard reagent was added to 50 µL of the blood sample and were mixed well then incubated for 5 minutes at 37℃. The absorbance was measured at 580 nm and 560 nm for Cu and Zn, respectively, against the appropriate blank.
The sample metal concentration was calculated according to the following equation:
ICP-MS method (Validation method)
For the determination of Cu, Zn, and Pb in the tested blood samples using ICP -MS method, 1.8 mL nitric acid (12%) was added to 200 µL of the sample and were mixed together using a vortex. The sample was then centrifuged at 3000 rpm for 5 min and the upper clear layer was collected for analysis of the three metal contents. However, prior to the elemental analysis, calibration curves for Cu, Zn and Pb were constructed using External Calibration method. In this method, serial dilutions for Cu (0 -100µg /dL), Zn (0 -200µg /dL) and Pb (0 -40 µg /dL) were prepared from the respective stock solutions for Cu (100 µg/dL), Zn (200 µg/dL) and Pb (1000 ppm). Table (1) . Initially, 1 mL of the prepared buffer was added to the sample followed by 0.5 mL of the masking agent. For each element, 1 mL of the dithizone solution was added to the mixture and all were shaken for 5 minutes. The organic phase was then transferred to another tube and the absorbance of each element was measured against the appropriate blank at the indicated wavelength.
The proposed dithizone spectrophotometric method
Statistical analysis of data
Statistical analysis of data was carried out using 'Graph Pad Prism7' incorporated within Excel 2010 (Microsoft ® Windows 2010) software program. 
RESULTS AND DISCUSSION
Validation of the Proposed Dithizone Spectrophotometric Method
According to International Council for Harmonization (ICH) Tripartite Guidelines [11] , validation of a proposed method includes linearity, selectivity, accuracy, precision, limit of detection (LOD) and limit of quantification (LOQ) as well as spike and recovery. Prior to the analytical determination of Cu, Zn and Pb in the examined biological samples, standard calibration curves were constructed for each element over the following concentration ranges: Cu: 0 -100 µg/dL, Zn: 0 -200µg /dL and Pb: 0 -40 µg /dL. The line parameters (slope and intercept) given in Table 2 for Cu, Zn and Pb were obtained using the linear regression equation (y = ax +b, where x = concentration in µg /dL, y = count/s, a = slope and b = intercept). The LOD was calculated as 3.3 (SD/ S) and LOQ was calculated as10 (SD/S), where SD is the standard deviation of the intercept and S was the slope of the calibration curve. The standard error values for the slope and intercept at 95% confidence intervals (CI) were statistically significant (P <0.0001) and the calibration plots had correlation coefficient (R 2 ) above 0.99 for all elements.
Spike-and-recovery is an important method for validating and assessing the accuracy of a developed method.
As well, it is used to determine whether the analyte detection was affected by the differences in the standard curve diluent and or biological sample matrix. The accuracy of the proposed dithizone method was studied by measuring the % recovery and RSD% (relative standard deviation) at three different concentrations (five replicates for each concentration) of Cu, Zn and Pb equivalent to three points on the constructed calibration curves for the blood samples. The results in Table 3 show that the proposed method had recovery % limits being between 80-120%, which is accordance with validation guidelines [11] .
The precision of the proposed method was determined by analyzing spiked samples at one hour intervals for one day (intra-day) and at the same time for three consecutive days (inter-day). The results in Table 4 indicate that the method had acceptable % recovery during the testing period and no matrix effect/ interference was evident. 
Comparison between the Results Obtained by the Proposed Method with ICP Ms Method and Ready to Use Kit Method -The Gender Effect
A comparison between the analytical results obtained from the application of the selected and developed methods for the determination of Cu, Zn and Pb in adults' Egyptian blood is shown in According to the reference method (Ready to use Kit), the expected Cu ranges were 70 -140 µg /dL and 80 -155 µg /dL for adult males and adult females, respectively [12, 13] , with which the proposed method data is in agreement. As well, the same method has set a normal Zn value range of 60 -110 µg /dL for males and 60 -107 µg /dL for females [14] [15] [16] . However, the data obtained in the current study indicated a notable increase in both the higher and lower limits for the measured Zn content for both genders. The same was observed for the measured Cu and Zn levels using ICP-MS methodology which was for Cu up to 100 µg/dL (±24 µg/dL) and Zn up to 94 µg/dL (±13 µg/dL). Nonetheless, the measured Pb range was in accordance with the instrument's specified method limits (up to 25 µg/dL). However, the difference in the levels of these ionic contents may indicate the variability in their sources or routes of humans' exposure to them. In other words, while Pb exposure is more anthropogenic-related, Cu and Zn may be linked to ingestion whether as a nutritional intake or as a dietary supplements.
Sloan and Feyssa [3] reviewed Cu levels in biological samples and indicated that it may be used as a tool to diagnose several diseases. They also provided a reference range for total Cu between 63.7 and 140.12 µg/dL, which is slightly lower than the one obtained in the current study. They further indicated that main source of Cu in humans was certain food types such as seeds, organ meat and liver or the water supply. In addition, they did set an average intake per gender to be 1.54-1.70 mg/d for men and Garg et al. [9] investigated Zn levels in diabetic patients (male and female) (n= 10) as well as in healthy control male adults' blood (n =5) using dithizone. In their study, they indicated that the mean levels of Zn in healthy controls were higher than in diabetic patients (3.195.9 g/mL and 1.5157 g/mL, respectively). However, their Zn concentration in control adults ranged from 3.1 -95.9 µg/mL, which is significantly lower than the range obtained for adult males in this study (72.2-132.83 µg/dL).
Marcellini et al. [4]
, on the other hand, determined Zn content in the blood of 853 healthy elderly people living in a number of European countries after dividing them up into 5 age groups (60s, 70s and 80s). The ratio of males to females in the sampled volunteers was 43%-57%, respectively, which is similar to the current study. Overall, they concluded that both nutritional and dietary factors had a role in the variability of Zn levels in the tested persons.
On the other hand, Abou-Arab et al [5] studied the levels of Pb in the blood of residents of the Greater Cairo Urban Region during the period from 2010-2012. They indicated that the main route of Pb exposure to 'Cairenes' was anthropogenic activities which may be atmospheric as well as some food sources. They also reported that the highest mean of Pb levels detected in humans was in those living within residential-industrial areas (15.4972 μg/dL), followed by residential-traffic areas (8.6298 μg/dl) and finally those living in rural areas (5.4062 μg/dL). As well, they considered the acceptable blood Pb concentration in normal Egyptians to be ˂ 5 µg/dL for children and ˂ 25 µg/dL for adults. However, these levels were indicated not to take into account any direct exposure to the metal itself. Nonetheless, unlike the current study, it was concluded that Pb blood content was both age and gender independent.
In a recent study, Salem et al.
[17] studied the levels of Cu and Zn in vitiligo patients relative to healthy control persons in El Fayoum governorate. They revealed that mean Cu levels in the control group was 119.49 ± 28.17 µg /dL and 131.86 ± 30.47 µg /dL for males and females, respectively, which is higher than those obtained in the current study. As for Zn levels, they ranged between 60.29 ± 13.02 µg /dL and 47.31 ± 9.34 µg /dL for the control group of males and females, respectively, which is lower than the results obtained during the current study. However, the difference between the reported and the current data may be attributed to the fact that El-Fayoum study was based on local individuals' selection while in the current study; the Greater Cairo Urban Region is more large cosmopolitan area. This may be also attributed to the fact that the people frequenting the Hematology Lab and Blood Bank may not be limited to the capital region residents but may represent a wider range and variety of the population from other governorates. As well, the difference in results for Cu and Zn between both studies may be due to the fact that El-Fayoum area may be considered rural and thus people depended more on cereals in their diet than in urban areas.
Finally, a statistical comparison between the results obtained for the three analytical techniques, the following was observed. Considering the determined Zn content, the three methods indicated that the values obtained were unimodal (132.9 µg/dL).
However, for the measured Cu levels, only the proposed and ICP methods data indicated a bimodality of the obtained values (88.3 and 116.6 µg/dL). With regards to Pb content measured, only the proposed dithizone method indicated that the data was bimodal (6.04 and 8.59 µg/dL) while the ICP data indicated that it was unimodal (6.04 µg/dL).
CONCLUSION
In conclusion, the results obtained in this study indicated that developed dithizone method was accurate, precise and applicable for measuring Cu, Zn and Pb levels relative to other reference/ routine methods used: Ready to use Kit and the ICP method. Through the validation procedure, the developed method was found to be practical and efficient for the daily and routine determination of the tested three metals in human blood samples. Relative to the regularly applied methods, the range limits for Cu levels in both males and females adults were much wider than the two reference methods regularly applied. However, the data obtained indicated a notable increase in the higher and a decrease in lower limits for the measured Zn content for both genders. Finally, the measured Pb levels were almost constant (1.0 -26.3 µg /dL) yet significantly lower than those obtained for either Cu or Zn. Nonetheless, the measured Pb range was in accordance with the instrument's specified method limits (up to 25 µg/dL). However, statistical analysis of the data obtained for the proposed dithizone method indicated that it was more accurate and precise in noting the frequency or modality of the measured Cu and Pb levels in the tested population. 
